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Abstract Abstract 
Purpose:Purpose: Allied healthcare professionals are key stakeholders involved in managing children with autism 
spectrum disorder. Adequate knowledge, interprofessional education, and collaborative practice should 
therefore be fostered through a responsive curriculum from an undergraduate level. This study aimed 
to describe the knowledge of final-year undergraduate allied healthcare professional students from a 
South African university regarding risk factors, symptoms, and intervention considerations for children 
with autism spectrum disorder. Method:Method: A cross-sectional e-survey design was implemented, and data 
were analyzed using descriptive statistics and content analysis. The e-survey was distributed to 170 
undergraduate students. Results:Results: A total of 59 participants from the following study programs completed 
the survey: Audiology (n=10), Human Nutrition (n=6), Occupational Therapy (n=5), Physiotherapy (n=10) 
and Speech-Language Pathology (n=28). Overall, participants perceived their knowledge of autism 
spectrum disorder to be poor-to-average (71%; N=42). Participants identified the disorder’s symptoms 
(69%; N=41) more accurately compared to risk factors (51%; N=30). Discrepancies across study programs 
were apparent regarding when to initiate intervention. Participants showed substandard understanding of 
evidence-based intervention approaches (47%; N=28). Across study programs, participants were unaware 
of the roles other allied healthcare professionals played in service provision areas. Conclusions:Conclusions: This 
study identified multiple gaps in the students’ knowledge across all study programs regarding risk factors 
and symptoms, screening, accurate multidisciplinary, referrals as well as timely intervention. 
Recommendations:Recommendations: Future undergraduate curricula should therefore focus on disorder-specific and in-
depth knowledge, while including interprofessional and collaborative service provision as autism spectrum 
disorder requires multidisciplinary management. 
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ABSTRACT 
Purpose: Allied healthcare professionals are key stakeholders involved in managing children with autism spectrum disorder. 
Adequate knowledge, interprofessional education, and collaborative practice should therefore be fostered through a responsive 
curriculum from an undergraduate level. This study aimed to describe the knowledge of final-year undergraduate allied healthcare 
professional students from a South African university regarding risk factors, symptoms, and intervention considerations for children 
with autism spectrum disorder. Method: A cross-sectional e-survey design was implemented, and data were analyzed using 
descriptive statistics and content analysis. The e-survey was distributed to 170 undergraduate students. Results: A total of 59 
participants from the following study programs completed the survey: Audiology (n=10), Human Nutrition (n=6), Occupational 
Therapy (n=5), Physiotherapy (n=10) and Speech-Language Pathology (n=28). Overall, participants perceived their knowledge of 
autism spectrum disorder to be poor-to-average (71%; N=42). Participants identified the disorder’s symptoms (69%; N=41) more 
accurately compared to risk factors (51%; N=30). Discrepancies across study programs were apparent regarding when to initiate 
intervention. Participants showed substandard understanding of evidence-based intervention approaches (47%; N=28). Across 
study programs, participants were unaware of the roles other allied healthcare professionals played in service provision areas. 
Conclusions: This study identified multiple gaps in the students’ knowledge across all study programs regarding risk factors and 
symptoms, screening, accurate multidisciplinary, referrals as well as timely intervention. Recommendations: Future 
undergraduate curricula should therefore focus on disorder-specific and in-depth knowledge, while including interprofessional and 
collaborative service provision as autism spectrum disorder requires multidisciplinary management. 
 
Keywords: perceived knowledge, autism spectrum disorder, undergraduate students, allied healthcare professional, 
interprofessional education and collaborative practice. 
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INTRODUCTION  
Autism spectrum disorder (ASD) is a global public health concern with a prevalence rate of 65/10 000.1 Early screening, 
identification and referrals are essential for timely intervention to support this population.2,3 There is a high demand for ASD-related 
services in South African hospitals and clinics, and allied healthcare professionals (AHPs) are expected to treat children with ASD 
directly after completing their studies, thus, suitable undergraduate (UG) training of AHPs is crucial.4, 5  
 
Previous research regarding knowledge of ASD indicated that UG AHP students felt better equipped with the disorder’s general 
characteristics, obtained from personal experiences and external exposure, rather than its risk factors, screening and referral 
processes.6 Moreover, some professionals reported that not receiving adequate UG training resulted in reduced confidence to 
administer ASD-specific screening to detect risk factors and early signs, and make appropriate referrals thereafter.7,8 An inability 
to confidently identify risk factors and red flags, especially in the presence of co-occurring conditions and overlapping 
characteristics, further complicates referrals, leading to misdiagnosis and delayed intervention.9,10,11 
 
Numerous countries recommend a multidisciplinary team approach to share responsibilities of monitoring and providing timely 
services for ASD.12 UG curricula should emphasize interprofessional education and collaborative practice to support integrated 
service provision, focusing on specific needs rather than a generalized, ‘one size fits all’ approach.13,14  
 
Early identification of ASD is also challenging as toddlers display rapid changes in development.15 AHPs and nurses in low-and 
middle-income countries play an essential role in early identification, as they are typically families’ first point of contact during 
childhood clinic visits, prior to a formal diagnosis.11,16,17 This puts them in pivotal positions to screen children for possible risk factors 
and red flags.1,18,19 Having knowledge of subtle indications of neurodiverse development from a UG level already, can help AHPs 
improve early detection of ASD.17,18  
 
Evaluating UG AHP students’ knowledge of ASD-related service delivery can assist in identifying gaps to be addressed through 
curricula refinement, allowing for children with ASD to possibly be diagnosed up to two years earlier than the current diagnosis 
age.19 Children with ASD should ideally be identified and diagnosed within the critical age period of 18-24 months, however, in 
South Africa, it typically ranges from 42-96 months.9,20,21 It is therefore vital to equip AHPs with adequate knowledge, from as early 
as their UG training, to assist with early referral for diagnosis and facilitate evidence-based early intervention.22, 23  
 
AHPs in lower-and middle-income countries are expected to provide evidence-based early intervention within an overburdened 
healthcare system, where access to ASD services is limited and severely strained.24,25 Insufficient knowledge of ASD intervention 
and evidence-based approaches amongst AHPs creates additional barriers to timely ASD services, causing further delayed and 
poor-quality intervention.6,22  
 
Most practicing professionals have indicated that receiving more in-depth knowledge and training as UG students would have 
increased their confidence in service provision.26 The knowledge of UG AHP students in South Africa, however, is rarely explored 
despite the importance of their perspectives.27 By considering students’ multidisciplinary management knowledge, an even greater 
overall understanding can be gained.14 It is therefore essential to begin by investigating the extent of theoretical knowledge and 
training UG AHP students receive, as this can subsequently lead to the development of a compendious curriculum. Therefore, this 
study explored UG AHP students’ knowledge of risk factors, symptoms and intervention considerations for children with ASD. 
 
METHOD  
Study Aim 
This study aimed to describe the current knowledge of final-year UG AHP students from a South African university regarding risk 
factors, symptoms, and intervention considerations for children with ASD. 
 
Study Design 
A cross-sectional survey design was utilized by final-year SLP students to collect data using purposive sampling from final-year 
UG AHP students from a South African university.  
 
Measurement Tool 
The e-survey was derived using multiple sources and contained closed-and-open-ended questions.6,8,16,22,28,29 It was composed 
of three sections that covered biographical information, general ASD knowledge, risk factors, symptoms, screening, assessment 
and intervention. 
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Procedures 
After ethical approval [blinded for review] was obtained from [blinded for review], the researchers approached the Heads of 
Departments from the Audiology, Human Nutrition (HN), Occupational Therapy (OT), Physiotherapy (PT) and Speech-Language 
Pathology (SLP) study programs via email to provide information about the study, and request for them to share the survey’s link 
with final-year UG students in their respective departments. The informed consent and e-survey were then distributed to 170 
students (Audiology=26; HN=18; OT=46; PT=42; SLP=38) by the relevant head of departments, providing them with three months 
to complete the questionnaire.  
 
Data Analysis 
After data were collected, quantitative and qualitative categories were filtered and analyzed using all descriptive statistical 
measures as well as content analysis. The researchers organized the data into codes, categorized the data under their relevant 
headings and reported their findings accordingly.30 
 
RESULTS 
Fifty-nine (34.7%) of 170 potential participants completed the survey. The breakdown of participants per study program is outlined 
in Table 1. 
 
Table 1. Break-down of Participants per Study Programs 

Study Programs Demographic of Participants 

Audiology 16.9% (n=10) 

Human Nutrition 10.2% (n=6) 

Occupational Therapy 8.5% (n=5) 

Physiotherapy 16.9% (n=10) 

Speech-Language Pathology 47.5% (n=28) 

Total 59 

 
The majority of participants (83.1%, N=49) reported having obtained their ASD knowledge from their current study program, with 
61% of participants (N=36) having done so during practical modules. Overall, on a scale of 0-4 (“None”, “Poor”, “Average”, “Good” 
and “Very good”), participants perceived their knowledge of ASD to be poor to average (mean=1.95, standard deviation=0.79). 
Participants were asked to select the correct definition of ASD. Over half of the participants (N=40; 67.8%) correctly defined ASD 
according to the DSM-5 definition.28 Of the three incorrect options, 30.5% of participants (N=18) selected a semantically similar 
decoy to the correct option. When asked if and what roles AHPs play in service provision for children with ASD, 91.5% (N=54) of 
participants indicated “yes”, while 8.5% (N=5) were “not sure”, with the breakdown of areas demonstrated in Figure 1.  
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Figure 1. AHP’s Perceived Roles in ASD-Related Service Provision 

 

When participants’ knowledge of red flags, risk factors and symptoms was probed, the following was the most correctly selected 
option for these domains, respectively: “Difficulty understanding others’ feelings and their own” (94.9%; N=56); “Family 
history/genetics” (86.4%; N=51) and “Lack of/poor eye contact” (93.2%; N=55) [Table 2]. “Has a hearing loss diagnosis” was 
selected incorrectly by 30% (n=3) of audiology participants as a red flag, while “Hearing problem/impairment” was incorrectly 
identified as an ASD symptom by 50% of HN participants (n=3), 40% of OT participants (n=2) and 28.6% of SLP participants (n=8). 
Additionally, “Typical language skills” was incorrectly selected by 66.7% of HN participants (n=4) and 40% of OT participants (n=2). 
Despite being incorrect, 40% of PT participants identified “Abnormal body posturing” (n=4) as a symptom of ASD.  
 
Table 2. Correctly Identified Red Flags, Risk Factors and Symptoms by Participants 

 A  
(n=10) 

HN 
(n=6) 

OT  

(n=5) 
PT 
(n=10) 

SLP 

(n=28) 
Total 
(N=59) 

Red Flags 

Difficulty understanding others’ feelings and 
their own 

90% (9) 100% 
(6) 

100% 
(5) 

90% (9) 96.4% 
(27) 

94.9% (56) 

Avoids eye contact 100% 
(10) 

50% (3) 80% (4) 90% (9) 100% 
(28) 

91.5% (54) 

Repeat words or phrases over and over 
(echolalia) 

100% 
(10) 

66.7% 
(4) 

80% (4) 50% (5) 96.4% 
(27) 

84.7% (50) 

Doesn’t engage in pretend play by 18 months 
of age 

70% (7) 83.3% 
(5) 

80% (4) 70% (7) 78.6% 
(22) 

76.3% (45) 

Rocks body 70% (7) 50% (3) 100% 
(5) 

20% (2) 100% 
(28) 

76.3% (45) 

Doesn’t respond to their name by 12 months 
of age 

40% (4) 83.3% 
(5) 

60% (3) 20% (2) 71.4% 
(20) 

57.6% (34) 



UNDERGRADUATE HEALTHCARE STUDENTS’ KNOWLEDGE OF AUTISM SPECTRUM DISORDER 4 

 

 
 

©The Internet Journal of Allied Health Sciences and Practice, 2024 

 

 A  
(n=10) 

HN 
(n=6) 

OT  

(n=5) 
PT 
(n=10) 

SLP 

(n=28) 
Total 
(N=59) 

Risk factors 

Family History/Genetics 70% (7) 83.3% 
(5) 

100% 
(5) 

70% 
(7) 

96.4% 
(27) 

86.4% (51) 

Male Gender 90% (9) 0% 20% (1) 50% 
(5) 

92.9% 
(26) 

69.5% (41) 

Advanced parental age at the time of 
conception 

10% (1) 66.7% 
(4) 

60% (3) 40% (4) 75% (21) 55.9% (33) 

Extreme prematurity 70% (7) 16.7% 
(1) 

0% 70% (7) 60.7% 
(17) 

54.2% (32) 

In-utero exposure to drugs and infections 40% (4) 66.7% 
(4) 

20% (1) 30% (3) 71.4% 
(20) 

54.2% (32) 

Maternal health complications 70% (7) 66.7% 
(4) 

0% 40% (4) 60.7% 
(17) 

54.2% (32) 

Very low birth weight 60% (6) 16.7% 
(1) 

20% (1) 50% (5) 57.1% 
(16) 

49.2% (29) 

Birth complications 60% (6) 33.3% 
(2) 

0% 50% (5) 42.9% 
(12) 

42.4% (25) 

Other coexisting disorders 40% (4) 16.7% 
(1) 

20% (1) 30% (3) 53.6% 
(15) 

40.7% (24) 

Maternal smoking 30% (3) 33.3% 
(2) 

0% 50% (5) 39.3% 
(11) 

35.6% (21) 

Prenatal exposure to air pollution or certain 
pesticides 

20% (2) 0% 20% (1) 30% (3) 39.3% 
(11) 

28.8% (17) 

Symptoms 

Lack of/poor eye contact 90% (9) 100% 
(6) 

100% 
(5) 

80% (8) 96.4% 
(27) 

93.2% (55) 

Gets upset with minor changes in routines 80% (8) 66.7% 
(4) 

80% (4) 100% 
(10) 

92.9% 
(26) 

88.1% (52) 

Emotional regulation difficulties 90% (9) 83.3% 
(5) 

60% (3) 80% (8) 92.9% 
(26) 

86.4% (51) 

Involuntary and restricted repetitive 
movements 

90% (9) 66.7% 
(4) 

100% 
(5) 

50% (5) 92.9% 
(26) 

83.1% (49) 
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 A  
(n=10) 

HN 
(n=6) 

OT  

(n=5) 
PT 
(n=10) 

SLP 

(n=28) 
Total 
(N=59) 

Sensory difficulties 80% (8) 50% (3) 80% (4) 70% (7) 92.9% 
(26) 

81.4% (48) 

Obsessive interests 80% (8) 66.7% 
(4) 

40% (2) 90% (9) 89.3% 
(25) 

81.4% (48) 

Delayed/difficulties with communication 60% (6) 83.3% 
(5) 

60% (3) 80% (8) 82.1% 
(23) 

76.3% (45) 

Walking on toes 30% (3) 33.3% 
(2) 

40% (2) 10% (1) 85.7% 
(24) 

54.2% (32) 

Regression of language 40% (4) 50% (3) 60% (3) 10% (1) 64.3% 
(18) 

49.2% (29) 

Playing with toys/objects in the same way 60% (6) 16.7% 
(1) 

20% (1) 30% (3) 60.7% 
(17) 

47.5% (28) 

Self-abusive behaviors 30% (3) 66.7% 
(4) 

20% (1) 0% 64.3% 
(18) 

44.1% (26) 

Abbreviations: HN, Human Nutrition; OT, Occupational Therapy; PT, Physiotherapy; SLP, Speech-Language Pathology 

 
Differing responses were collected from participants regarding their own and other stakeholders’ roles in screening children for 
ASD (Figure 2). Various Audiology (10%; n=1), HN (16.7%; n=1) and PT (40%; n=4) participants incorrectly perceived their role to 
exclude ASD screening. Contrastingly, OT (100%; n=5) and SLP (78.6%; n=22) participants correctly selected their professions. 
AHP students incorrectly perceived parents (40.7%; N=24) and teachers (47.5%; N=28) as stakeholders who cannot conduct ASD 
screening.  
 
Figure 2. Stakeholders Selected by Participants to Play a Role in Screening 
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In South Africa, AHPs’ roles in service provision to children with ASD exclude making a clinical diagnosis.31 Participants correctly 
identified “Child and Adolescent Psychiatrist” (76.3%; N=45), “Developmental Pediatrician” (76.3%; N=45) and “Pediatric 
Neurologist” (88.1%; N=52) as professionals that can diagnose ASD. “Occupational Therapists” (11.9%; N=7) and “Speech-
Language Therapists” (15.3%; N=9), however, were overall misidentified to make a diagnosis. When asked to select the earliest 
age range in which ASD can be diagnosed, only 42.4% of the participants (N=25) correctly selected between 12 and 24 months 
[Table 3]. 
  
Table 3. Participants’ Perceptions of the Earliest Age ASD can be Diagnosed 

Age of Diagnosis (months) Audiology 
(n=10) 

HN (n=6) OT (n=5) PT (n=10) SLP (n=28) Total 
(N=59) 

0-12 1 4 0 0 5 16.9% (10) 

12-24 6 0 2 7 10 42.4% (25) 

24-36 1 1 1 1 5 15.3% (9) 

36+ 1 1 0 0 8 16.9% (10) 

Not sure 1 0 2 2 0 8.5% (5) 

Abbreviations: HN, Human Nutrition; OT, Occupational Therapy; PT, Physiotherapy; SLP, Speech-Language Pathology 

 
When participants were probed regarding when to start with early intervention, the majority correctly selected the option “As soon 
as symptoms are identified” (71.2%, N=42). The commonly incorrect option selected by half of the audiology (n=5) and HN (n=3) 
participants was “Only after they have received a diagnosis”. Evidence-based intervention approaches were investigated, and most 
participants were able to correctly identify the following options: “Treatment and Education of Autistic and Related Communication 
Handicapped Children (TEACCH)” (84.7%; N=50) and “Alternative and Augmentative Communication” (76.3%; N=45).9 Lower 
evidence-based treatment approaches that were selected included: “Gluten free and organic diet” (11.9%; N=7), “Hyperbaric 
oxygen therapy” (1.7%; N=1), “Neurochemical treatment” (6.8%; N=4) and “SoListen” (10.2%; N=6) [Figure 3]. 
 
Figure 3. Selected Intervention Approaches for ASD by Participants (N=59) 

 

“Occupational Therapist” (93.2%; N=55) and “Speech-Language Therapist'' (96.6%; N=57) were the AHPs most commonly 
selected to play a role in ASD-related intervention. Students from the respective departments selected their own professions to 
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intervene: “Audiologist” (80%; n=8), “Dietician” (100%; n=6), “Occupational Therapist” (100%; n=5), “Physiotherapist” (70%; n=7) 
and “Speech-Language Therapist” (96.4%; n=27) [Table 4].  
 
Table 4. Distribution of AHPs Selected to Provide Intervention per Study Program 

AHP to intervene Audiology 
(n=10) 

HN (n=6) OT (n=5) PT (n=10) SLP (n=28) Total 
(N=59) 

Speech-Language Therapist 10 6 5 9 27 96.6% (57) 

Occupational Therapist 9 6 5 9 26 93.2% (55) 

Audiologist 8 6 4 4 18 67.8% (40) 

Physiotherapist 5 6 2 7 19 66.1% (39) 

Dietician 3 6 1 0 16 44.1% (26) 

Abbreviations: AHP, Allied Healthcare Professional; HN, Human Nutrition; OT, Occupational Therapy; PT, Physiotherapy; SLP, Speech-
Language Pathology 

 
DISCUSSION 
Providing timely ASD-specific services for children requires AHPs to confidently identify risk factors and symptoms, conduct 
screening and provide early intervention. 9,10 This study thus highlights the current knowledge of final-year UG AHP students 
regarding ASD management. 
 
Literature suggests AHPs receiving their knowledge from personal and media exposure rather than through their formal training 
curriculum forms a barrier to service provision.6,16,22 Conversely, this study found that many participants had received their ASD 
knowledge through theoretical and some practical exposure. Despite this, these participants perceived their knowledge as poor-
to-average, indicating that UG ASD training received may have been insufficient in fostering confidence for service provision.6,7,8 
Their perceptions could be substantiated when analyzing their knowledge of the DSM-5’s definition of ASD, in which one-third of 
participants selected a semantically similar decoy.28 This shows a possible lack of knowledge, affecting all areas of service  
provision. 
 
Most participants agreed that their professions play important roles in service provision, however, discrepancies occurred when 
participants were asked to identify more specific areas. Confusion was apparent about whether or not AHPs should screen for, 
assess and diagnose ASD, with OT and SLP participants having a more accurate understanding of their professional roles in 
service provision than Audiology, HN and PT participants. This is concurrent with previous literature, which found OTs and SLPs, 
who are prominent AHPs in the management of children with ASD, to be frequently sought out as key stakeholders.32 
 
Parallel with the current study, similar research has collectively concluded that despite AHPs' general understanding of ASD, in-
depth knowledge of risk factors and symptoms is still lacking.6,29,33 Participants in this study more confidently selected red flags 
rather than risk factors and symptoms, with misconceptions apparent across study programs. Regardless of a hearing loss 
diagnosis not qualifying as a red flag of ASD, some audiology participants believed this to be true. Additionally, almost half the PT 
participants incorrectly selected the symptom “abnormal body posturing”, which aligns with other literature regarding 
physiotherapists' shortcomings in identifying ASD symptoms.29 Inabilities to accurately identify risk factors and symptoms may also 
directly hinder the involvement of other essential AHPs, leading to fewer interprofessional collaborations and ultimately, preventing 
holistic approaches to intervention, despite the necessity of multidisciplinary services.12,14  
 
Research indicates that children with ASD are often unidentified or misidentified due to a lack of screening knowledge.34 In this 
study, variations across participating programs of which stakeholders are responsible to screen for ASD were evident, with more 
uncertainty of their own roles shown by audiology, HN and PT participants. This could be related back to their difficulties in 
identifying red flags and symptoms correctly, underpinning their hesitancy to screen. Additionally, less than half of the participants 
selected parents and teachers despite them being in an optimal position to aid with screening as they often have the best 
knowledge of the child’s development and behavior.9  
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Participants in this study accurately selected professionals who can diagnose ASD, however, prominent misconceptions were 
occupational therapists and speech-language therapists, who cannot make a formal diagnosis.31 More confusion was seen when 
determining the earliest age of diagnosis, where less than half the participants correctly selected between 12-24 months, and 
several others felt that a diagnosis can only be made after 3 years of age.9 These findings directly support other studies’ results, 
which found the age of diagnosis in South Africa to be extremely delayed.20,21 Delayed diagnosis negatively impacts service 
provision as early identification and intervention takes advantage of neuroplasticity, leading to the most effective outcomes.35 
Concerningly, some participants believed intervention should only begin after a formal diagnosis is made rather than as soon as 
symptoms are identified, further hindering timely intervention. 
 
When exploring participants’ knowledge of evidence-based intervention approaches, it was apparent they had a strong overall 
understanding. Most participants were also well equipped with knowledge that approaches such as hyperbaric oxygen therapy and 
magnetic therapy are non-evidence-based in treating children with ASD; this is considered a strength of this study.36 Selections of 
minimally effective approaches such as a gluten-free and organic diet were, however, still made, highlighting a possible gap in 
knowledge regarding evidence-based intervention approaches.24, 32 

 
Concurrent with other results from this study and current practice, occupational therapists and speech-language therapists were 
most commonly selected to play a role in ASD intervention.9, 32 Most participants were also confident of their own profession’s 
role in intervention. Contrastingly, these participants were less aware of the salient roles audiologists, physiotherapists and 
dieticians play, further emphasizing their reduced knowledge of multidisciplinary service provision and collaborative practice.14, 37 

There are strengths and limitations to this study. Due to the COVID-19 pandemic, the study’s survey had to be adapted to an 
online platform, making it difficult to encourage participation. Although this study consisted of a small sample size from one South 
African university, it involved perspectives of students from five different departments. This study was unique to South Africa at 
the time as it was conducted by a group of final-year UG students with intentions of spotlighting current service provision from a 
unique angle, as UG students have often been overlooked stakeholders.27 Their input is essential to shaping future curricula by 
reflecting on gaps and strengths in knowledge and making adaptations accordingly. This study’s findings are noteworthy and 
conclusions from the findings are significant to contribute to UG AHP training. 
 
CONCLUSION 
Throughout the study, it was apparent that participants were equipped with basic ASD knowledge, however, they lacked specific 
details and an in-depth understanding, which may severely hinder future service provision.38 UG AHP curricula should thus target 
risk factors, symptoms, and intervention considerations for children with ASD more comprehensively, while continuously 
substantiating the importance of interprofessional education and collaborative practice. To expand understanding of knowledge 
and confirm findings, future research can be done on a broader scale by focusing on the knowledge of UG final year AHP 
students from other universities countrywide. Additionally, the ASD-specific knowledge of other healthcare professional students, 
such as nurses and medical doctors, can also be explored to gain a better understanding of their abilities to provide services for 
this growing vulnerable population. 
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